ABSTRACT During January-April, 2000, 12 
INTRODUCTION
Injection drug use is a common mode of hepatitis B virus (HBV) transmission, accounting for 15-20% of reported cases of acute hepatitis B. 1 Up to 80% of injection drug users (IDUs) who have injected for five or more years have serologic evidence of exposure to HBV. [2] [3] [4] [5] Although coinfection with HBV and hepatitis D virus (HDV) is rare in the general population of the United States, up to 20% of IDUs who are chronically infected with HBV also have evidence of HDV infection.
Although syringe sharing, a recognized risk factor for HBV infection among IDUs, declined during the 1990s, indirect sharing remains a common practice. [7] [8] [9] [10] [11] [12] [13] [14] Indirect sharing refers to the injection practices other than reusing a syringe by which an IDU could come into contact with the blood of another IDU. These include the sharing of injection equipment such as drug cookers, filtration cottons, and syringe rinse water as well as the practice of using a syringe to distribute drugs to the syringes of other users, sometimes referred to as front-or back-loading. There is increasing evidence that indirect sharing practices can result in the transmission of viral pathogens. 13, 15, 16 Between January and April, 2000, 12 cases of acute hepatitis B were reported in Pierce County, Washington, compared with seven cases in all of 1999. Seven of these 12 index case patients had injected drugs in the 6 months before the onset of illness, compared with one case in the previous year. In April 2000, three case patients died of fulminant hepatitis because of acute hepatitis B and D coinfection. To control the outbreak, HBV serologic testing and vaccination clinics for IDUs and other adults at risk for HBV infection were established at the local health department and syringe exchange program in May 2000. 17 In collaboration with the Washington Department of Health, we undertook an investigation to characterize the outbreak, determine risk factors for HBV transmission among IDUs, and develop recommendations to prevent further spread.
METHODS

Descriptive Epidemiology
A case of acute HBV infection was defined as detectable immunoglobulin M (IgM) antibody to hepatitis B core antigen (anti-HBc) in a serologic specimen obtained during 2000 from a resident of Pierce County, Washington. Cases were ascertained from reports collected as part of routine surveillance by the Tacoma Pierce County Health Department and review of prevaccination serologic testing results performed at hepatitis B vaccination clinics for IDUs. 17 Sera from cases of acute HBV infection were tested for hepatitis C virus (HCV) and HDV infection. A case of acute coinfection of HBV and HDV was defined as a person with acute HBV infection during 2000 whose serum tested positive for antibody to HDV (anti-HDV) or HDV RNA.
Laboratory Methods
Serologic testing was performed at the Hepatitis Reference Laboratory, Centers for Disease Control and Prevention (CDC), Atlanta, Georgia. Serum samples were tested for hepatitis B surface antigen (HBsAg) (Auszyme Monoclonal), anti-HBc (Corzyme), IgM anti-HBc (Corzyme-M-EIA), and anti-HDV (HDV-EIA). All serological assays were manufactured by Abbott Laboratories (Abbott Park, Illinois) and performed per package insert. Serum samples were tested for anti-HCV by enzyme immunoassay (HCV 3.0. Ortho Dianostic Systems, Raritan, New Jersey), and repeatedly reactive results were confirmed using a third version recombinant immunoblot assay (RIBA™ Chiron, Emeryville, California).
HDV RNA was extracted from available serum samples that tested positive for IgM anti-HBc using methods described previously. 18 Samples that did not provide sufficient product after first amplification were reamplified using nested primers. Polymerase chain reaction (PCR) products were identified by electrophoretic separation in 2% agarose gels, followed by ethidium bromide staining for visualization. Molecular techniques were used to evaluate the relatedness of HBV sequences from cases of acute HBV infection for which sera were available. HBV DNA was extracted using the MasterPure Complete DNA and RNA Purification Kit (Epicentre Technologies, Madison, Wisconsin) procedure for plasma per package insert. A 440 base-pair segment of the S region (encodes surface antigen) of the HBV genome was amplified by nested PCR using previously described methods. 19, 20 HBV PCR products were purified (QIAquick spin columns, Qiagen, Valencia, California), and automated sequencing was performed (ABI Model 373 or 377, Applied Biosystems, Foster City, California), as previously described. 20 Sequencing reactions were done with a prism dye or dRhodamine terminator cycle sequencing kit according to manufacturer's protocol. Sequence data were further analyzed by Sequence Navigator (Applied Biosystems) and GCG Wisconsin Package software (Accelrys, San Diego, California). 21 The HBV phylogenetic tree was constructed using the neighbor-joining method.
Case-Control Study
A case-control study was conducted in May 2000 to determine risk factors for HBV infection among IDUs. For the case-control study, a case was defined as a positive IgM anti-HBc test performed during January-May 2000 in a Pierce County resident reporting injection drug use during the previous 6 months. Control subjects were all persons identified through prevaccination serologic testing at the hepatitis B vaccination clinics during May 2000 with a negative test for anti-HBc who reported injecting drugs in the previous 6 months. 17 Health department and CDC staff administered a standard questionnaire to collect information on demographic characteristics and sexual and injection practices from all persons attending the hepatitis B vaccination clinics and previously reported cases. Data from deceased case patients were collected by interview of family members or social contacts using the standard questionnaire and from medical record review.
This public health investigation was undertaken to control a communicable disease outbreak. It was reviewed by CDC Human Subjects Research staff and deemed to be primarily not research, and as such, did not require review by the CDC Institutional Review Board. Participants in the case-control study received a description of the outbreak investigation and gave oral consent before answering the questionnaire or undergoing serologic testing. Because the investigation was conducted over several months at a needle exchange program site that did not record identifying information from participants, we were unable to systematically track the participant refusal rate.
Statistical Analysis
All analysis was performed using STATA Statistical Software: Release 7.0 (College Station, Texas). Multivariable models were constructed using logistic regression. All variables significant to a P value of .15 or less in univariate analysis and the variable for syringe sharing were included in the multivariable model. Likelihood ratio testing was used to assess the effect of the removal of each variable from the model. Goodness of fit was assessed using Pearson's goodness of fit test and the Hosmer-Lemeshow χ 2 .
RESULTS
Descriptive Epidemiology
Fifty-eight cases of acute hepatitis B were identified in 2000, 25 (43.1%) from routine surveillance and 33 (56.9%) from among the 1,755 people who underwent prevaccination serologic testing at the vaccination clinics during May-December 2000 ( Fig. 1 ). Case patients ranged in age from 18 to 57 years (median 36 years), and 39 (67.2%) were male. Thirty-eight (65.5%) of the case patients injected drugs in the 6 weeks to 6 months before the onset of symptoms or HBV testing, five had three or more sex partners in the previous 6 months, three had a sex partner who was an IDU, one was a man who had sex with men, and 11 reported no risk factors for HBV infection.
Twenty case patients (34.5%), all IDUs, also had evidence of coinfection with HDV. Eight case patients required hospitalization, six of whom were coinfected with HDV. Three HBV/HDV-coinfected case patients who were current IDU died in April 2000, for a case fatality rate of 15% among persons with acute HBV/HDV coinfection. Twenty-six of the cases had evidence of HCV infection, of whom 22 were IDUs. This includes the three IDU cases who died in April 2000. An additional 10 cases, all IDUs, were anti-HCV screening test positive but lacked adequate serum for confirmatory testing.
HBV DNA Sequence Analysis
Serum samples from 56 of the 58 acute hepatitis B cases identified during 2000 were available for HBV amplification and sequencing, of which 28 (50%) had detectable HBV DNA. Sequences from 22 of the cases were identical, one was 99.4% homologous and five differed by >9.7% (Fig. 2) . Eighteen (78%) of the 23 cases with HBV DNA sequences that were ≥99.4% homologous were current IDUs, including the three deceased case patients, one (4%) was the sex contact of an IDU, and four (17%) did not report risk factors for HBV infection. All of the surviving IDU case patients with highly homologous sequences on whom the information was available reported knowing at least one of the deceased cases. Only one of the five cases with HBV strains that were <99% homologous reported injection drug use.
Case-Control Study
All 17 case patients who reported injection drug use and were identified during January-May 2000 were included in the case-control study, 11 ascertained from Cases and controls did not differ in age, race, education, homelessness, history of incarceration or sexually transmitted disease, proportion of women engaged in commercial sex work, or men who reported having sex with a man. Case patients were significantly more likely to report knowing one of the deceased cases [odds ratio (OR) = 5.3, 95% confidence interval (CI) = 1.8-15.7] and having more than one sex partner in the previous 6 months (OR = 4.8, 95% CI = 1.5-15.0) ( Table 1) . Heroin was the drug most frequently injected by the majority of both case patients and control subjects. There were no statistically significant differences between cases and controls in years of injection drug use, daily drug injection, or syringe sharing. Case patients were significantly more likely than control subjects to inject more than four times a day (OR = 4.5, 95% CI = 1.2-15.6) and to share drug cookers (OR = 14.0, 95% CI: 2.4, 81.5) or filtration cottons (OR = 6.4, 95% CI = 1. with more than two people in an average week. This association was also observed among the eight case patients and 97 control subjects who did not share syringes: 87.5% of case patients versus 10.3% of control subjects (OR = 60.9, 95% CI = 6.3-2773.2). Because the variables for indirect sharing were found to be colinear, cooker sharing was the only indirect sharing variable included in the multivariable model. In the multivariable analysis, injecting more than four times a day, having more than one sex partner of the opposite sex in the previous 6 months, and knowing one of the deceased case patients were significantly associated with HBV infection (Table 2) . Obtaining syringes through the syringe exchange program was associated with lower odds of infection. Sharing syringes was associated with increased odds of acute HBV infection but did not reach statistical significance. After adjustment for these risk factors, the OR measuring the association between sharing drug cookers and HBV infection remained statistically significant (OR = 8.3, 95% CI = 2.2, 31.7).
DISCUSSION
This is the first outbreak of hepatitis B among IDUs in which sharing drug injection equipment in the absence of syringe sharing has been identified as a risk factor for infection. Transmission of viral pathogens via shared drug injection equipment could occur under conditions that permit virus survival on blood-contaminated environmental surfaces. Factors affecting the survival of human immunodeficiency virus (HIV) in used syringes include the volume of residual blood, viral titers in the residual blood, storage temperatures, and length of storage. 22, 23 HIV DNA has been recovered from drug cookers, cottons, and syringe rinse water contaminated with HIV-infected blood. 24 Although HBV DNA has been detected in blood from syringes used by IDUs, we are unaware of any studies that have attempted to detect HBV DNA in cookers, cottons, or rinse water. 25 Currently, methods do not exist to determine whether HBV DNA detected in used injection equipment represents infectious HBV; however, previous studies suggest that HBV remains infectious in the environment at least as long as HIV. 26, 27 Most of the case patients from whom HBV DNA was isolated had highly homologous sequences and reported injection drug use and knowing at least one of the deceased cases. These findings are consistent with the results of the epidemiologic investigation and suggest that the outbreak resulted from the introduction of a single HBV strain into a community of susceptible IDUs. The cases infected with nonhomologous HBV strains most likely represent the baseline sporadic transmission seen in this community.
This outbreak was notable for the identification of HDV coinfection in over a third of the cases. Because the prevalence of HDV in the general population is low, health departments in the United States do not routinely collect data on cases of hepatitis D. Although HDV infection is more common among IDUs, with prevalence as high as 20%-53% among IDUs who are hepatitis B surface antigen positive, 28 outbreaks of acute HBV/HDV coinfection are infrequently reported, even among IDUs. In this outbreak, some cases that were infected with the outbreak strain of HBV did not have evidence of coinfection with HDV. It is unclear whether this finding resulted from a failure to detect markers for HDV in cases that actually were coinfected or whether there were cases in which HBV was transmitted without HDV.
Although several studies have demonstrated that IDUs who participate in syringe exchange programs engage in less syringe sharing, the effectiveness of these programs in reducing the transmission of HBV and other viral pathogens is less clear. In this outbreak investigation, as in several other studies, non-HBV-infected individuals were more likely to report participating in syringe exchange programs than infected individuals. 25, [29] [30] [31] Two recent longitudinal studies reported increased HBV transmission among IDUs who participated in syringe exchange programs; however, these studies did not assess the prevalence of indirect sharing practices among study participants. 15, 32 The results of our investigation suggest that transmission of HBV among syringe exchange users could be explained by the sharing of injection equipment other than syringes. Transmission of blood-borne pathogens by indirect sharing has been described only recently, and many IDUs, including those in syringe exchange programs, remain unaware of the potential risk that these practices pose. Prevention messages for IDUs should recommend avoiding contact with any piece of injection equipment used by another person, including cookers, cottons, and rinse water.
The results of this study are subject to several potential biases. There are many challenges to collecting accurate information about sensitive or illegal activities by self-report. From our pilot questionnaire, we found that many IDUs could not meaningfully report the number of individuals with whom they had shared injection equipment in the previous 6 months. Therefore, we chose to ask about injection practices over a shorter, representative time period of an "average week" to lessen the cognitive burden on the respondents. We recognize that injection practices during nonaverage weeks could differ substantially from those during "average weeks," and that this question format may have resulted in underreporting of risky practices. Information on drug use practices and number of sex partners was collected by self-report. Recall bias or probing by interviewers could have led to greater reporting of risk factors by case patients compared with controls. This was controlled for to some extent by the identification and interview of potential subjects at the vaccination clinics before either the subjects or interviewers knew the results of serologic testing. Information on the deceased cases was collected by interview of friends and family members and may have been subject to overestimation of risk behaviors. To assess the magnitude of this potential bias, analysis of the casecontrol data was repeated after excluding the deceased cases. Results of the exclusion analysis did not differ substantially from the original analysis.
Hepatitis B vaccine provides the best protection against HBV and HDV infection. Until widespread hepatitis B vaccine coverage is achieved through aging of cohorts vaccinated as infants and adolescents, effective strategies for delivering hepatitis B vaccine to high-risk adults are needed. Vaccination programs for high-risk adults that have been successful have provided hepatitis B vaccine free of charge at accessible locations, such as syringe exchange programs and correctional facilities. 17, [33] [34] [35] IDUs should be counseled against the sharing of all injection equipment, including cookers, cottons, and rinse water. Syringe exchange programs can serve as important access points for providing prevention messages to IDUs.
